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© An adaptive scheduling scheme for dynamic service time allocation on a shared resource. 



© -A method and apparatus for allocating access 
time to a common resource of a computer for a 
number of requestors requesting access to the re- 
source. This invention comprises detecting waiting 
time for each of the requestors requesting access to 



the resource and then allocating maximum access 
time for each requestor, where the access time is a 
function of the waiting time. After a requestor has 
completed an access to the resource, the maximum 
access time is then reduced to a constant. 
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This invention relates to providing access to a 
resource of a computer system to a number of 
requestors. More specifically, with this invention a 
maximum access time is provided to each re- 
questor with the access time being a function of 
the waiting time and being returned to an initial 
value after each requestor accesses the resource. 

The scientific and technical community has 
been very active in the development of innovative 
algorithms to schedule the allocation and use of a 
shared resource among various requesting users 
with no prior information about service require- 
ments [ 1 -5 ]. Such algorithms were developed for 
a large number of applications such as processor 
scheduling (in single or multiple processor sys- 
tems), allocation of connections in switches, and 
process scheduling in manufacturing (production 
lines). 

The taxonomy of scheduling -algorithms is 
somewhat hard to define. For the purpose of this 
invention, we will emphasize one criterion to distin- 
guish two large classes of algorithms. This is the 
duration for which a requestor may use the com- 
mon resource after it has been allocated to it. 
Many algorithms allow a requestor to use the re- 
source until completion (such as FCFS). Some 
other algorithms define a. fixed quota. A requestor 
may use the allocated resource until the expiration 
of the time quota. If the requestor could not com- 
plete during that granted time. i.e.. it still needs the 
resource for more time, it is reentered to the queue 
and will have to wait for its next turn before it is 
given a new service time quota. This turn usually 
comes after the other competing requestors waiting 
in the queue are served, usually on a round robin 
basis to ensure some kind of fairness. The alloca- 
tion policy may. however, be based on criteria 
other than the order of entering a queue. An exam- 
ple may be the time needed to complete the job. 
i.e.. the resource is given to the requestor whose 
job needs the longest (or shortest) time to com- 
plete among its competitors. But in all of these 
cases, the requestor is given a FIXED MAXIMUM 
TIME during which he can use the resource before 
releasing it. 

The service time quota may be different for 
different classes of requestors, but it is the same 
for all the requestors in any given class. This 
classification is used to reflect the relative priority 
or importance of requestors. It is also known that 
some scheduling disciplines allow requestors to be 
transferred from one class to another class with 
different priority, usually with different quota, as 
they remain in the system. In such schemes, the 
processor usually serves ail the requestors of the 
higher priority class first on a round robin basis 
then moves to serve the next lower priority class 
and so on. This idea is used in many real time 



systems, where the requestor priority reflects its 
urgency or its closeness to the required completion 
deadline. In some other schemes, low level re- 
questors are served first and their level is raised 
5 after each service. This gives fast initial response 
(attention) to incoming requestors and also favors 
those with short service requirements. One such 
scheme is embodied in the foreground-background 
algorithm [ 2 ]. 

io There exists a variety of scheduling disciplines 

where the priority level of a request changes as a 
function of time as it resides in the system. We 
summarize three classes of such scheduling dis- 
ciplines ( 2 ]: Time-Dependent Priority. Bribing for 

/5 Queue Position, and Selfish Scheduling. 

1. Time-Dependent Priority 

Time-dependent priority scheduling discipline 
20 is simply a nonpreemptive priority scheduling 
scheme where the priority level of a request in- 
creases as it waits in the queue. The amount of 
increase in the priority level is either a linear func- 
tion of time or a higher order function. Different 
25 classes of requests may have different priority 
functions. Whenever the resource becomes avail- 
able, the request with the largest priority level 
gains access to the resource and uses it until 
service completion, i.e., no service quantum and 
30 feedback of requests. 

2. Bribing for Queue Position 

In this system, each request has an impatience 
35 factor, a. and a corresponding offered bribe. y a . A 
cost function. C(a) is calculated based on y a and 
W(7 a ). the average waiting time (in queue) for a 
requestor whose bribe is y 3 . as C(a) = Ya + a W- 
(7*). The goal is to minimize the expected cost, 
to subject to an average bribe constraint, thus yield- 
ing an optimal set of bribes. 7a . There is no dy- 
namic behavior in such systems and requests, 
whenever they gain access to the resource, use it 
until service completion. 

3. Selfish Scheduling 



The system consists of two boxes: a queue 
box and a service box. Upon arrival, requests wait 
50 in the queue box and their priority levels increase 
linearly with time at a given rate. a. The service 
box contains a waiting room (a set of queues) and 
the resource to be allocated. Similarly, the priority 
levels of requests in the service box increase lin- 
55 early with time, but at a given rate » that is smaller 
than Q . Requests are transferred from the queue 
box to the service box whenever their priority level 
matches the priority level of requests in the service 
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box. This is always possible since & is smaller then 
a. The scheduling discipline within the service box 
is arbitrary (including feedback queues) and thus 
selfish scheduling defines a large class of schedul- 
ing disciplines. Note, however, that the priority level 
of a request in the service box increases linearly 
with time, independent of whether the request is 
waiting in a queue or receiving service. Further- 
more, due to the structure of the selfish scheduling 
system, the priority level does not change if a 
request is interrupted, possibly due to the expira- 
tion of a service quantum. In other words, at a 
given point in time, all requests in the service box 
have the same priority level which increases lin- 
early with time, uniformly among all requests. 
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U. S. Patent 4,096.571 to Vander Mey dis- 
closes an arbitration scheme that uses waiting time 
to determine which request should be honored. 
This scheme-is basically a FIFO scheme with static 
priorities used to break ties. This patent does not 
address the service time allocation issue. 

U. S. Patent 4,488.218 to Grimes discloses 
circuitry which allows stations to dynamically 
change their priority according to various param- 
eters, one such parameter being whether the buffer 
is full or half full. In the detailed example given in 
patent, the resource is kept until completion of the 
required service. Otherwise, nothing is mentioned 
about the time a station is allowed to keep the 
resource after it is allocated. 

U. S. Patent 4,633,394 to Georgiou et al dis- 
closes a circuit to, implement fixed priority. Re- 
questors are grouped into two fairness groups, and 
round robin is applied among the groups with all 
requestors from one group being served before the 
requestors in the other group. A requestor is 
moved to the other group as soon as it is com- 
pletely served. 

U. S. Patent 4.672.536 to Giroir et al discloses 
an arbitration scheme where access to a common 
resource is granted to the requestor with the oldest 
request among those having the highest priority. 
Use of the resource is not interrupted. 



U. S. Patent 4,719,569 to Ludemann et al dis- 
closes an arbitration scheme that enables a device 
to keep using a resource that is granted to it as 
long as the device continues issuing new requests 
s exceeding a given rate. This scheme uses emer- 
gency and need, not waiting time, to determine the 
length of allowed service time. 

SUMMARY OF THE INVENTION 

10 

It is, therefore, an object of this invention to 
provide an improved adaptive scheduling scheme 
for dynamic service time allocation on a shared 
resource. 

*5 It is more specifically an object of this invention 

to provide an adaptive scheduling scheme balanc- 
ing the fairness property of processor sharing (PS) 
and the efficiency of first come first serve (FCFS). 
It is also an object of this invention to provide a 

20 switching system that employs the adaptive sched- 
uling scheme to provide access to multiple re- 
sources (connections), thus yielding higher 
throughput, increased fairness, and less waiting 
time. 

25 These and other objects are advantageously 

solved basically by the features laid down in the 
independent claims. 

Accordingly, this invention provides a method 
and apparatus for providing access to a common 

30 resource of a computer system ^to a number of 
requestors requesting access to the resource. With 
this invention, a waiting time for each of the re- 
questors is detected. This waiting time is the time 
the requestor waits for access to the resource after 

35 having requested such access. A maximum access 
time, which is a function of the waiting time, is 
given to each requestor at the time of access. 
When the requestor completes its access, the 
maximum access time is then reduced to an initial 

to value, which is the same for all requestors. 

Tne variable dynamic time allocation scheme 
of this invention allows a system to reach high 
efficiencies when the system is heavily loaded, as 
manifested by longer waiting times, while insuring 

45 fairness when the system is reasonably loaded, as 
manifested by shorter waiting times. 

This invention also allows for the preservation 
of initial requestor classification, thereby maintain- 
ing a true indicator that reflects the real priority of a 

so requestor. For example, this priority may be used 
to preempt or discard lower class requestors in the 
case of congestion. 

Tne adaptive scheduling scheme of this inven- 
tion introduces a concept whereby the priority levet 

55 of a request waiting in the queue increases as a 
function of its waiting time since its last admission 
to the queue. An admission to the queue may be 
either after a new arrival of a requestor, or after a 
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feedback request following the exoiration of the 
service credits of the requestor using the resource 
The service credit allocated to a request is a func- 
tion or the request's priority level, in contrast to 
serv.ce-till-completion or a quantum which is in- 5 
dependent of the attained time-dependent priority 
level. 1 

In the following the invention will be described 
in more detail in connection with embodiments 
depicted in the drawing, in which: , Q 

FIG. 1 is a schematic illustration of the overall 

system implementing this invention; 

FIG. 2 is an illustration of the scheduler of FIG 

1 in greater detail: 

FIG. 3 is a flow diagram of the generalized ; 5 
algorithm used to implement this invention; 
FIG 4 is an example timing diagram used to 
illustrate the preferred embodiment of this inven- 
tion; and . 

FIG. 5 schematically illustrates the apparatus of so 
this invention for switching data between input 
and output ports. 
FIG. 1 is a schematic illustration of the overall 
system implementing the invention. Shown are re- 
questors R,. R 2 which can request access 25 

to resource 16. The selection as to which reques- 
tor, and for how long, gains access to the common 
resource is accomplished by the scheduler 15 
wh.ch is described in more detail in FIG. 2 When a 
requestor places a request for access to the com- 30 
mon resource, one of the lines r, through r N will be 
activated thereby causing one of the timers 20-1 
through 20-N to be reset to zero. The reset timer 
■will continue to run until access is given to the 
requestor. This waiting time will appear on one of 3S 
the output (W, through W N ) of timers 20-1 through 

20- N. Service credits for each of the requestors are 
determined by one of the service credit calculators 

21- 1 through 21-N based on the waiting time re- 
corded by the corresponding timer. These service «, 
credits (C, through C N ). are defined as the product 

of a credit rate C and a waiting time W,. When the 
scheduler determines which requestor is to gain 
access to the resource, the service credit values 
C, through C N are compared by comparator 26 45 
and the requestor having the largest service credit 
value ,s scheduled to gain access to the resource 
The result of comparing the service credit values 
appears on output lines S1 through SK. The value- 
(s) selected is (are) equal to the largest service so 
credit value. Selector 25 then uses the outputs of 
the comparator to actually select which requestor is 
to gain access to the common resource. The se- 
lected requestor Rm is allowed to use the resource 
ror a maximum access T M . which is the sum of the ss 
value of the basic quota q 5 and the service credit 
C M . The selected requestor R„ will then use the 
resource for. a maximum time T M or until the re- 



questor finishes its required service from the re- 
source, whichever occurs first. When the request is 
completed it leaves the system. If the request is 
not completed within T M another request is made 
thereby resetting the timer. 

Shown in FIG.3 is a flow diagram of the gen- 
erated algonthm implementing this invention Re- 
questor R, places a request to use the resource 
See 301. The waiting time. W,. is reset to zero to 
<eep track of the time the request started its wait- 
ing period (302). Requestors wait until the resource 
becomes available (303). The service credits 
C,.are computed for all the waiting requestors The 
term "service credits" is defined as the product of 
the credit rate. C. and the waiting time elapsed 
(«.e.. the timer value. W,) since the last time the 
requestor places a request (304). Among all the 
requestors waiting, the requestor with the largest 
credit value, say R M , is selected to gain access and 
use the resource (305). The selected requestor R„ 
« allowed to use the resource for up to a maximum 
access time. T M . which is the sum of the value of 
the basic quota. q b , and the service credits C M - 
(306). The selected requestor Rm uses the re- 
source for a time T„ or until the request finishes its 
required service from the resource, whichever oc- 
curs first (307). ff the request is competed, it 
releases the resource (308); otherwise, it places 
another request (301) and resets its waiting time 
timer (302). 

The generalized algorithm can be described as 
shown in FIG.4. 

1. A requestor R, places an initial service re- 
quest (401) as soon as it needs to use the 
shared resource. Actually, all service requests 
are made slightly before the service is granted 
because of delay in gaining access to the re- 
source. This delay is not shown in FIG 4 for the 
sake of simplicity. It may be able to be served if 
the resource is available, otherwise it waits for a 
given time tp before it requests service again. ' 
We call tp the persistence time interval: it will be 
shorter for persistent requestors and longer for 
less persistent ones. This mechanism can be 
used to implement priority classes, for example 
2. A requestor that is served without waiting is 
allowed to use the resource for a time period 
tnat should not exceed a basic quota q„ (402) 
This means that the requestor may use the 
resource for a period equal to either q 8 or the 
actual needed service time, whichever is small- 
er. If the requestor still needs more time to be 
completed, it renews the service request (403) 
as ir it has newly arrived to the system (but of 
course, with a service requirement that is re- 
duced by the amount of time for which it has 
actually used the server). Hence, it competes 
again with all the other requestors that are wait-' 
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ing for service in the system. 
3. A requestor that is denied (404) the use of the 
server after it has requested it will be given a 
credit rate C. This grant may be repeated as 
many times as the request is denied. Therefore, 5 
as the requestor waits to be served for a period 
W, (waiting time), it accumulates a total service 
credit Ci = Cx W,. For example, if W, = 2 tp 
then Ci = C x 2tp. When this requestor is 
granted (405) the use of the resource, it is to 
allowed to use the resource for a total time not 
exceeding T, = q b + C t (406) (or the time 
needed for completion, whichever is smaller). In 
407 of FIG. 4, a renewed request is made since 
the. service time granted was not enough time rs 
for job completion. Since the renewed request 
was granted almost immediately, only the basic 
quota q b of service time was provided. However, 
since service completion did- not require the 
entire service time granted (408), the requestor 20 
releases the resource prior to the end of the 
provided service time. Note that credit rates 
may be different for different classes of re- 
questors in a multipriority system, it is also 
important to note that, in this description, we 25 
have used a linear relationship between C, and 
W, to illustrate our scheme in a simple manner 
whereas, in principle, there is no restriction in 
defining a more general relationship d = f(W,). 

4. The resource allocation policy in a single 30 
priority system is simple: it is given to the 
requestor R M that has the largest waiting time. 

W M among those who have requested the use of 
the server In a multipriority system, the server 
can be allocated in two ways: 35 

a. it is given to the requestor having the 
highest total credit. C M , or 

b. it is given to the requestor having the 
largest waiting time W M among the reques- 
tors of the highest available (preemptive) pri- *o 
ority class. 

5. For practical reasons, the total service credits 
accumulated by any requestor is to be limited to 
a reasonable maximum. This, however, is not 
necessary for the operation of the algorithm. In ^5 
this regard, an unbounded credit (i.e.. a maxi- 
mum approaching infinity) leads to a behavior of 

the system that approaches FCFS, in case of 

extremely heavy load. 
In a switching system, the scheme can be . 50 
used for the allocation of input/output connections. 
As an example, we outline the implementation of 
our scheme in a crossbar switch with input queue- 
ing (See FIG.5). Shown in FIG. 5, is a crossbar 

switch 33 with N input ports P M P tN N output 55 

ports P 0 t Pom. and the scheduler 37. 

Within the scheduler 37, there are two registers 
with global variables: register 31 contains the per- 



sistence interval t 0 and register 32 contains the 
basic quota q b . The Persistence Interval represents 
the time between two consecutive requests of the 
same requestor, i.e., assuming that input port P (i 
has placed a request for a connection and it is not 
granted the connection, it will request again after a 
time interval equal the value Persistence Interval tp. 
In this fashion, the Persistence Interval time prac- 
tically represents the rate at which credit is gained. 
When the system is initialized, the Persistence 
Interval register 31 and the Basic Quota register 32 
are loaded with the values. 

Each input port P (i has two registers associated 
with it: the Persistence Counter 50-I, which cor- 
responds to the Timer 20-i in FIG.2. and the Ser- 
vice Time register 51-1, which corresponds to the 
service credit calculator 21-1 in FIG. 2. The sched- 
uler initializes the Persistence Counter 50-1 to the 
value in register 31 and the Service Timer 51-1 to 
the value of register 32. 

As soon as a packet arrives at the head of the 
input queue 52-1 of an input port (e.g., port P*). it 
places a request to the scheduler 37. If an imme- 
diate connection is refused, then its Service Time 
counter 51-1 is incremented by an amount equiv- 
alent to the credit rate C associated with the re- 
questor's priority class, and the Persistence coun- 
ter 50-1 starts decrementing. A new request by the 
port P11 is not considered until the Persistence 
counter expires (i.e., it becomes zero). If port Pl t is 
refused connection again, the above procedure is 
repeated, but if it is granted the connection, it will 
use the connection for the time interval indicated 
by either the Service Time counter 51-1 or the 
connection time needed, whichever is less. After 
the port finishes using the connection. Service 
Time counter 51-1 will be initialized again to the 
value of Basic Quota 32 (q b ). The Persistence 
counter 50-1 is also initialized to the value of the 
Persistence Interval register 31 every time the 
counter is reset. 

When a number of requests is considered by 
the scheduler, the comparator 35 (which corre- 
sponds to comparator 26 in FIG.2) identifies for 
every output port all the input ports which request 
connection to it and have the same highest value in 
their Service Time registers. If, according to this 
procedure, only one input port is selected for a 
connection to an output port, then this input port 
will be granted that connection as explained above. 
Otherwise, if more than one input port is selected 
by the comparator 35, then the Selector 36 
(corresponding to the selector 25 in Figure 2) will 
select only one among them, according to any 
arbitrary (but previously chosen) algorithm, such as 
round-robin or fixed priority. The implementation of 
the comparator 35 and the selector 36. circuits is 
simple and straight forward. The details of their 
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implementation does not have a significant effect 
on the operation of the method described here but 
we believe that a round robin scheme for the 
selector will provide better fairness properties. 

Claims 

1. In a computer system, a method of providing 
access to a common resource for a plurality of 

requestors R, , R 2 r n requesting access to 

said resource, said method comprising: 
detecting a waiting time (W ( ) for each of said 
requestors (R,). where W, is the time R, waits 
for access to said common resource after hav- 
ing requested access, where 1 S I S N; and 
providing a maximum access time T, for each 
requestor R,. where T, is a function of W,, 
where T, returns to an initial value q b after 
each access of R, to said resource, and where 
qb is a constant. 
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^ In a computer system, a method of dynam- 
ically providing access time to a common re- 
source for a plurality of requestors (R 1( R 2 

Rn) requesting access to said resource, said 25 
method comprising: 

detecting a waiting time W, for each of said 
requestors R,. where W, is the time R, waits to 
access said resource after having requested 
access, where 1 s I s N; 

determining service credits C, for each of said 
requestors, said credits being a function of 
said waiting time W, and said credits C, being 
granted to- each requestor R, only if R, j S 
refused access to said resource after having 
requested access to said resource; and 
providing a maximum access time T, for each 
requestor R, to use said resource, where T, = 
q b + Q where q b is a constant, and where T, 
returns to q b after each access of R, to said *o 
resource; 

wherein preferably each Q and q b is also a 
function of a priority class associated with re- 
questor R, of said requestors, and wherein 
preferably said priority class remains constant 45 
throughout said waiting time T,; and/or 
wherein preferably access to said resource is 
granted to a requestor R M having the most 
service credits C M of said requestors, where 1 
£ I S M. 



so 



In a computer system, a method of providing 
access time to a common resource for each of 

a plurality of requestors R, . R 2 r n requ . 

esting access to said resource, said method 
comprising: 

detecting a waiting time W, for each of said 
requestors (R,). where W f is the time R, waits 
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for access to said common resource after hav- 
ing requested access, where 1 S I $ N; 
determining service credits C, for each of said 
requestors, said credits C, being a function of 
said waiting time W f . said credits C, being 
granted to each requestor R, only if r, is 
refused access to said resource after having 
requested access to said resource; and 
providing a maximum time T M to a requestor 
Rm. where 1 * M S N. with T M = q b + CM 
where q b is a constant, and where T M returns 
to q b after each access of R M to sad resource, 
with R M having no service credits immediately 
after each access. 

4. In a switching system, a method of switching 
data between input ports P„, P Q , _ p IN m6 

output ports P ou P 02 p QN of ^ metnQd 

comprising: 

detecting a waiting time W, for each input port 
P». with W, being the time P„ waits for a 
connection to one of said output ports after 
having made a request for said connection- 
and ■ 

providing a connection to one of said output 
ports for a maximum connection time of T, for 
each input port P„ requesting a connection to 
sa.d one output port, with T, being a function 
of W, and with T, returning to a constant value 
q b after said connection is disconnected. 

>. In a computer system, an apparatus for provid- 
ing access to a common resource for a plural- 
ity of requestors R, , R 2 requesting 

access to said resource, said apparatus com- 
prising: 

means for detecting a waiting time (W,) for 
each of said requestors (R,). where W, is the 
time R| waits for access to said common re- 
source after having requested access where 1 
i ISN; and 

means for providing a maximum access time 
T, for each requestor R,. where T, if a function 
of W, where T, returns to an initial value q b 
after each access of R, to said resource, where 
qb is a constant. 

In a computer system, an apparatus for dy- 
namically providing access time to a common 
resource for a plurality of requestors (R,. r 2 . 
- R M ) requesting access to said resource.' said 
apparatus comprising: 

means for detecting a waiting time W, for each 
of said requestors R,, where W, is the time R, 
waits to access said resource after having re-' 
quested access, and where 1 3 I 5 N: 
means for determining service credits C, for 
each of said requestors, said credits being a 
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function of said waiting time W, and said cred- 
its G being granted to each requestor Ft, only 
if R, is refused access to said resource after 
having requested access to said resource; and 
means for providing a maximum access time 5 
T, for each requestor to use said resource, 
where T, = q b + G where q b is a constant, 
and where T f returns to q b after each access of 
R t to said resource; 

wherein preferably each C, is also a function of io 
a priority class associated with requestor R, of 
said requestors, and wherein preferably said 
m priority class remains constant throughout said 
waiting time TV 

In a computer system, an apparatus for provid- 
ing access time to a common resource for 

each of a plurality of requestors Ri f R2 Rw 

requesting access to said resource, said ap- 
paratus comprising: 20 
means for detecting a waiting time W, for each 
of said requestors (R ( ), where W t is the time R,~ ~ ~ 
waits for access to said common resource 
after having requested access, and where 1 £ ! 
* N; 25 
means for determining service credits G for""" 
each of said requestors, said credits G being a 
function of said waiting time W t . said credits G 
being granted to each requestor R, only if Rj is 
refused access to said resource after having 30 
requested access to said resource; and 
means for providing a maximum time T M to a 
requestor R Mi where 1 S M S N, with T M = q b 
+ Cm, where q b is a constant, and where T M 
returns to q b after each access of R M to said 35 
resource, with R M having no service credits 
immediately after each access. 

in a computer system, a method of providing 
access to a common resource for a plurality of 40 

requestors Ri , R2 R N requesting access to 

said resource, said method comprising: 
detecting a waiting time (W,) for each of said 
requestors Ri , where W ( is the rime R f waits 
for access to said common resource after hav- 45 
ing requested access, where 1 £ I £ N; and 
providing a maximum access time Ti for each 
requestor R l( where T, is a function of W,, 
where T[ returns to an initial value q b after 
each access of R ( to said resource, where q b is 50 
a constant, and where each requestor R, al- 
ways maintains the same priority level through- 
out an entire session. 

In a computer system, an apparatus for dy- 55 
namically providing access time to a common 
resource for a plurality of requestors (Ri, R 2 , 
R N ) requesting access to said resource, 



said apparatus comprising: 
means for detecting a waiting time W| for each 
of said requestors R )t where W, is the time R, 
waits to access said resource after having re- 
quested access, where 1 S I S N: 
means for determining service credits G for 
each of said requestors, said credits being a 
function of said waiting time W| and said cred- 
its G being granted to each requestor R, only 
if R| is refused access to said resource after 
having requested access to said resource: and 
means for providing a maximum access time 
T, for each requestor R, to use said resource, 
where T, = q b + G where q b is a constant, 
and where T| returns to q b after each access of 
Ri to said source, and where each requestor R, 
always maintains the same priority level 
throughout an entire session. 

10. In a switching system, an apparatus for switch- 
ing data between input ports P n , P l2 Pin 

and output ports P 0 i, P02 Pqn of said 

apparatus comprising: 

means for detecting a waiting time W ( for each 
input port P, tt with W ( being the time P n waits 
for a connection to said one of "said output 
ports after having made a request for said 
connection; and 

means for providing a connection to one of 
said output ports for a maximum connection 
time of T, for each input port P n requesting a 
connection to said one output port, with T, 
being a function of W, and with T, returning to 
a constant value q b after said connection is 
disconnected. 
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© An adaptive scheduling scheme for dynamic service time allocation on a shared resource. 



© A method and apparatus for allocating access 
time to a common resource of a computer for a 
number of requestors requesting access to the re- 
source. This invention comprises detecting waiting 
time for each of the requestors requesting access to 
the resource and then allocating maximum access 
time for each requestor, where the access time is a 
function of the waiting time. After a requestor has 
completed an access to the resource, the maximum 
access time is then reduced to a constant. 
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